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INTR03)UCTION

Testsweremade in the NACA 7- by 10-foot wi~d tunnel of the
l/&scale model of the Brewster l?2Aairplane equipped.with full-span
sl-ottedflays,and a new hoimizontel tail. The ol~ect of the tests was
to determine the power-on static longitudinal stability and control
charactgribtics of the model with the new horizontal tail. Some
a~ditiona.1.tests to determine the characteristics of the model,..both
3.nfree aii and near the ground, were made after certain modifications
had.‘beenmade to the horizontal tail.

MODEL A.NDlIQUIPMI?Nl

The l/8-scale model of the Brewster F2A airplane is the same
as that used for the tests report,edin.references 1 and 2 with the
sipgle exception that a new horizontal tail of inorcased area and
hightiraspect ratio was insta.lled.fcm the current tests. A three-
view “drawing’of.the complete model is yresented in figure 1.
Fhoto&raphs of the model as installed in the tunnel.are presented.in
figures 2 and 3. Figure h i.a,adetail drawing of the new horizontal,
tail with a superimposed outline of the plan form ~f the originol
horizontal.tail. Fi~ure 5 is a comparison drawing of the oJ.’i@nd

horizontal tail, the new horizontal tail.,and the two modifications
of the latter which were investigated. ‘i’hecxrlginalhorizontal
tail will be known as No. 1 and the unmodlfi.ednew horizontal tail
as No. 2. HorizontcQ tail No. s Is the new tail with the traili~
edge beveled 1>0 from the chord line and horlz~ntel tail No. k is
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the
The

new tail with
modificabi.ons

. .
.,.

the trailing edge beveled 10° from the chord line.
of the new tail were made with the view of decreasing

elevator hinge moments and were ‘rode‘possibleby the thickness of the -
trailing edgi of the elevator as furnished by the Brewster comp~~

All dimensions and area~,given in fi,gures1 and ~i,with the
exce~tion ot the new horizonta~;tail areas and elevator root-mean-
square chord} were furnished by the Brewster Compmy. The areas
given for the various horizontal tail components included fuselage
area bounded by the projections of the outlines of the respective
surfaces. The elevator root-mean-sque.rechord was determined from
the elevator area as defined abo~e.

Elevator hinge nomeniiswere determined f~om the twist of a
calibrated torque rod extendi~ from the risht elevator tip (figs. 2
and ~) to a ~ointer and dial asseinblymounted outside the tunnel wall.
To minimize lateral bending aridoscil%abions due to the air stzeam,
the torque rod was encJ.osedover its entire length in a hollow tube.
The tube was of sufficiently larpe 5.llsidediameter to allow freedom
of motion of the torque rod. (Vee fig. ~.)

The angle of attack of the reference ‘thrustline was determined
by means of leveling lugs that were fitted into holes prerioudy
drilled into the side oi’the fuselage: The rudder, flap; and
aileron angles were set by means of templets furnished.with the
model. Stabilizer an@es were set by means of an inclinometer resting
on a stabilizer templet with its surface yarallel to the stabilizer
chord line. The latter templet.snd.one used to obtain elevator angle
settings were made at the NACA Laboratory.

The model was powered by the same electric motor as described
in reference 2. The propeller is the same as that used in the tests
of reference 3.

Addiiionel equiptieniwas used during tes-ksto determine ground
effect. The ground was simulated by a flat wooden plate completely
spanning the tunnel and extending several.feet ahead of and behind
the mcjdel. The plate wss set parallel to the longitudinal axis of
the tunnel and so adjusted in height as to be almmt tangent tothe
wheels of’the landing ~ea~<when the model was a zero angle of attack.
Details of the plate construction and its installation are given in
rei’erence4.



TESTS AND RESULTS “ ~~
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.,..
>. Test conditione.- The tekts were made in the NACA 7- by 10-foot

wind tunnel. All%e teste were run at a &vnemic ~etisure of
16.37pounds per square foot which corresponds to a velocity of
about @ miles per hour under standard sea.-levelconditions, and”to”
~ test Reynolds number of about 570$000 based on the mean aeroriynemtc
chord of 9.s6 inches. The effective Ileynoldanumber, Ret of all
tests excluding those with the around board in place, was 912)000 based
on a turbulence factor for the 7- by 10-foot ‘.turjnelof 1.6.

Coefficient&.- The results of the tmsts are given in the form of
standard NACA coefficients cf forces and mouentm Uamxl.on model
dimensions. All pitching moments are taken about the center-of-
.gravi”~ylocation of the cowplete airplane shown on figure 1. The
data are referred to the stability axes as defined in reference 2.
The coefficients are defined as follows:

c%‘
CL

cm

~he

where

x

L“

m

~
,.
“s

c.

11

se

Crina

H

()resu~tant-drag coei’ficiel~t‘A

()

qs

lift coefficient
&_
qc

pitching-moment coefficient about center of ~ravity m

elevator hin~e-mornentcoefficient
(tiz) ‘“)

forco along X axis; po~itive when directed backwards

foi-~ealong Z axis; positive when directed upwards

pj.tchingmoment about Y
depress the tail

dyIl~iC pressure = J ~2
2P

wing

mean

wing

area (3.265 square

axis; positive when it tends to

(16. 37 poumds per square fomt)

feet)

aerodyn~j.cchord d wing (0.78 foot)

span [4.38 feet)

ele!vatorarea (OX311square foot)

elevator root-mean-square chord (0.172foot)

elevator hinge moment, foot-younds; positive when it tende
to dep:[’essthe’elevator trail$ng edge

,,, I
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The following propeller coefficients.are used:

.Tc1
Tc

v/m
where

T

(>

v

D

n

rpm

effective model-thrust coefficient = 2!@
T

effective proyelle”r-thrustcoefficient =-~v21)2

ad-vancedi:~e~er ratio

,,

effective thrtlstin pouznds

mass density of air in slugs per cubic foot

airspeed in feet yer second

propeller diameter (lO:)Lfeet)

propeller syeed in revolutions per second

propeller speed in X’~VOIUtiOllSper mirmte

~bols. - Certain symbols are used in the text end figures, and.—
are defined as follows:

a angle of attack of thrust line, degrees

it angle of stabilizer setti~ with resyect to thrust line,
degrees; positive when trailing edge is dovn

5e elevator deflection (with respect to stabilizer chord),
degrees; positive when trailing edge of elevator is moved
down

br r~.dderdeflection,‘fie~p-ees;yositive when trailing edge of
rudder is moved to left

15f - flap deflection, degrees; positive when trailing edge of
is moved down

ba aileron deflection, degrees; positive when trailing edge
aileron i~ moved down

5t tab deflection with respect to the elevator, degrees;
positive when trailing edge of tab ia moved down

.,
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l?~ elevator control 8tick force> pounds; poaltive when pilot
must yull on stick to resist force . . .... .

P a&l~&f.proyeller ‘bladesetting meas~ed at ~he 75 percent
radius (20°) . .

CorcrectionsO-The resnlts have ‘notbeen corrected for tarea...—.—
caused ‘bythe model euyyort.

All the zu~les of’attack, the drag coefficients, and the pitchi~-
noment coeff’iclentshave been corrected for the effecte of the tunnel
wallH. The ~itching-mornentcorrection ayplied for tho power-on tests
takes into account the effect of power on the dyli~ic pressure in
the vicinity of’tl~etail. The jet-boundary corrections ap~lied were
corqmbed as follows:

Induced drag correction} Acq .S:CL2

Induced an@e-of-attack co:[’rection,ti~ =+L (5793)

Fitchir&-momen-ii-coefficientcorreijtian,

s dcm

d

q
&c,n= ::7.3 X 5% x ~>’.~)< CLX ~

J . .z

All coyl’ectioneare added to the tunnel data. In the above equations

5 = 0.115

!5 = ().065
%

c = tunnel cross-sectional aiiea(69.59 square feet)

dCm.-:-
dlt

= change in yitching-moment coefficient per degree ckange in
stabilizer setting

c+, = free-stream dynamic pressme (pounds per squaw foot)

fl~ = dynamic presmrre (pounds per ~quare foot) in the vicinity d’
tail

Test procedure.- Since the propeller ~d blade angle used in.-—.—
these teets were the mme as those used in the tests of reference ~,
i.twas not considered necessary to repeat the propeller-cali”firation
tests which had previously been made., ,Operatingcharts were obtained
by the same ‘procedtmeas described in reference 2. Figure s(a) of refer-
ence 2 was again used to obtain the Trototype thrust coefficient.

For convenience in locating results> a r&mm# of the tests is
given in the following table:



6

Horiz.
jailno.

2

\

,—

5r=llr=t&oo,p=” 20*

.—

Power
:onditior

\ y’
.

L,. .

l/ind-
milling

L&

rated

‘1V’
Trirld-
milling

.1,/

Half
rated

\L
?Jind-
mi~.ling

V

—
jfo

—

+0

cqQ

:e

\/

-5,96

-1. ),/()

7,24

11.00

-~.p~

“1.40

7.24

.1.00

-t”

5

5

‘5

?

‘0.5

8/

“o
,,”

I

I
2

-2

-r
>

-lo

0

-2

-5

-lo

-15

.15 to 1(

‘\

— —

—-

Figu?e
no.

7’

7

8

““g

8,12,15

12

12

12

12

‘7,11

11

11

11

11

20

20

20

20

20

20

20

20

.—. .



>. --–

m
~
l-a

Test
no.
~
62

63

64

65

66

67

68

69

70

71

72

73

74

7?

76

77

78

79

b

81

62
83

&k

85

Horiz.
jailno.

2

Power
:ondition

Wind-
milling

Rated

Rated

‘d

Wind-
milli.ng

.1,,‘i/

:

1*41

3*2O

9*M

12.37

1*1~1

3.20

9.W

12.37

Ran~e

\/

I.ql

9.88

12.37
1.41

9..82

12.37

-15 0 10

,, ,$

0

-2

2

0

2

-2

..C)

o

1\
-15 to 10

. /4/--.—

=s=0 ...Figwe

5t .:::noo

,..
—.

o’ 19

19

19,21

19

19

19

19,21

19

6,10

10

10

9

9

9

9

6

6

21

22

21,22,23

22

22

2ij22,2s

\
—

7

— -- .m.



8

~
Test Horiz. Power ~“o

f %0 ‘t” ‘e” %0 Fig~e
no. tail no. condition. no.

86 4 Rated o Range -O*5 o 0 13

87

1’ 1 ~~ ,’

1-
-2 13

88 ‘ -5 13
‘\

89 Half l~o o 14,L5
‘rated .

90
I -5 14

V
91

~~ 1

-6->. jl -15 to 10 23

92 -1 ● 40 23;23

y? 11. 0(? 23,24
\

g)+ Rated ‘“-2,?0 25

93 Wind- -3.96 23
tilling

96 ,

I 1“

-1.40 23,25

97 11v00 V 23,24
/

98 Half -lo 24
rated

99

1

10 24

10!) W&d- ~ -10 24
milli~

101
..i “ ‘0 24‘w

alo4 Range 0 0 16

103 -10 16

106 -20 16

10’7 -25 16

108 -30 16

109
i 1,

\, No hopiz .
d I ““ “\,/ / tail \ .-

%ests 104,to :109made with ground board in t~el.

I
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DIEECUSSION

Effect”of-st~bili’ier’.- To”fadliitite a comparison of the three
tails, numei-ical,valuesof some of bhe impoi-tantcrita?la a~”a l.ii%
coefficient of 1.0 a.&epresented i’ntable 1. ,,

,,.

Th&stabilizer test&.show that the change in pitc~lj.ng-laomeil?,”.’
coeffic”ien~”with stabilize]?angle (~Cm/bit) not onlyzncyeases

with the application of powe”r,”but al-soincreases sornevhai;with.~
lift coei’ficient,in pbwer-on”tests.(figs: 6, 7, and 8). The tialubq.
of acm/dit i’orh~i~izontd tail No. 2 are sli~h”~lygreater theuitlie”

values for horizontal tail No’.”1. (See ttihleI or re~erences 2 a& s.)

As previously pointed out &d discussed in.reference s, the .
slope of the pitching-incinentcurve (~Cm/i3CL) becomes more neg.ativy
with increased positive deflection bf’tho elevatioror stabilizer.

Effect of elevator.- A comparison of figure~ 9-14 with re~~;.li;~———.
presented in references 2 and ~ skews that the ncw elevators ha;e
very nearly the uame effectiveness, 6cJd5e, as the origin:d.

elevators, horizontal tail No. 1. (See table 1.) The new +:,ail,
in its original or modified forms (horizontal tails NOS. 2 tired~!-)
provides greater longitudinal statiility, dCm/~CL, than thai

reported.In reference 2 anti~ (fig. 1>).

“To determine the ability of the pilot,to get the’tail of the
airplane down in landin~, calcuhtions of the flroundeffect were
made at the Lahoretcry. Since the results indicated hi.qhelevaLor
angles, an additional series of’te~t~ of the model with horizontal.
tail No. 4 was made with a ground board in the tunnel antia~ a
level about l/4’5..nchbelow the front wheels of the model nt zero
angle of attack. The &round board tests were made with propoller
wlndmilling and flaps deflected. It rna.ybeseen from figure 16
that the elevator ef$ecti.venetisdrops off considerate).yat the
high elevator def’lectio~iswhich would bo requi,:edto,triinthe
airplane f“orhigh lift coefficients. At a Value of CL = 2.0,
the elevator effectiveness, bcJb5~j is -0.0162 for e.levato.r

angles between OO and -10° bu{ at,,el’evator&-@es between 2>0
and ~oo; acmf@e 3s oriy about -0.006.

.,. , .....,” ,,. .
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The change in elevator angle required to trim the powered
model throughout the lift.ran~e is about twice as great for
horizontal tails NOR. 2 and 4 as for horizontal tail No. 1. (see

figs. 17 end 18.) With propeller windmillingl the chsnge in
elevator angle to trim throughout the Iii% renge is coneidera’bly
~reater than when the model motor is developing rated power. The
increased effectiveness of the new horizontal tzul is ap~]arent.
froiia coapaiiisonof’figure 17”with figure 18 where the chanp;ein
elevator angle for trim at a given lift .coefi’icientfrom flap
retracted condition (fig. 17) to flap deflected condition (fig. 18)
is considerably greater for the model equ3.pyedwith horizontal
tail ‘No.1 than with horizon-baltails Nos. 2 end 4.

The curve representing the model above the ground board shows
that considerably larger elevator angles aye required.at &ty g:.ven
lift coefficient in landing than in free air. It seem, however,
that little difficulty should be experienced in getting the tail
down for J-anclingat values of CL as high as 2.2, o:;possibly
higher, provided the center of gravity is not”moved forward of the
position indicated for the model in figwe 1. A slight rearward.
movement of the center of gravity from its Tresent location.wo~il-d
seem advisable from consjd.erationsof gettir~ the tail down for
landing.

Elevator hi~-moment coefficients.-The change in,elevator-.— —
hinge-moment coefficient wi-bhelevator deflec-~ion, &he/~be, is

about constant for the wirdmi.llingcondition throughout the range
of elevatiordeflections and an@es of attack tested and &l*i/3c
has an almost constant negative value. (see I’5.$S.19 aid.20.)
For the power-on conri”l.tions,however, the values of’ dC~L/d~e
Increase with inci-easedpositive angles of attack ~robakly because of
the increased velocity at.the tail. WiJ~hflaps retracted and rated
power, &h/& is positive for hiflhne@tive eJ.evatoi”an@:lesand
negative for all elevator angles on the positive side of -~i”? For
the half-power flaps-deflected condition, bch~au, is negative for
all values of be on the positii~eside of -l~”. Some numcriml
values of aCh/~be ~d &Ch/aU al-egiVen in table 1.

After completing the tests of the new horj.zontalta:il,attempts
were ‘madeto reduce the elevator hinge moments by be’;elingthe
elevator trailing edge. The first modification (horizontal tail
no. ~) involted a 1.7°bevel from the chord line. The single test
made of this modified form ehowed that the elevator was overbalanced.
in the vicinity of 0° deflection. (See fig. 21.) A tendency of
the elevator to fl-itterat this angle was observed during the test.
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As the above modification ~eemed unsatj.sfactory,,the b.qvel,qn@e
was changed to 10° from the chord line (ho;~izontaltail No. 4)*
A cornpayisonof the hinge-rnoment-coefficientcharacteristics,o$,
the original new tail and its two modifi_edforms is presented in
figure,21 for the model at angle of attack.of 10..04?. A cmyai-ison
of figures 22 and 23 with figures 19 and 20,showq ,thatthe hinge-
moment coefficients, and the values of aChe/a~e> we considerably

less for ho~iz~ntal tail No. 4 than for horizontal tail No. 2
over a large portion of.the range of elevator deflections tested.
‘Vdiuesof dChe&t for hoi”izontal.tailNo. 4 change from p06itiVe
to negative at about zero elevator an@e for the rated-power condi-
tion with flaps retracted. The yarameter ~he~da re?RainSnegative

for all elevator deflections for the condition-of“half-rated~ower
with flape deflected.

The resulte of tab tests of horizontal tail No. 4 (fig. 24)
show the tab to be very effective in changing the elevator hinge-
moment coefficicmts. Numerical values of &he/~6t are given in

table 1. It appears that the tal angle required to trim out the
elevator hi~e moment would riotbe greater than *10° at any value
of CL which might be obtained with fla~m retracted. For the
high lift coefficients experienced with the flaps extended, as
much as 20° tab angle might be required for trim.

The hinge-moment coefficientswith rated power (fig. 25) are
usually considei”&-blyhighew than the values for the windmilling
condition. This does not mean, hc)weverjthat the etick forces
would increase with lower, since elevator effectiveness increases
at ~bout the same rate as the elevator hinge-moment.

Tinevariation of elevator-stick force which would be required
to trim the F2A airplane while changing from the fla~s retracted
condition to flaps deflected at a lift coefficient of 1.0 is shown
in figure.26. ,Forbecalculations are based on a gross weight of
the airplane of 6600 pounds. The forcee are assumed to be trimmed
to zero at a lift coefficient of 1.0 with the flal)sretracted. A
comparison of the curves representing horizontal tails NOS. 2 and h
indicates that considerably lower force~ would be expected for the
airplane equipped with the modif’iedtail, No. 4.

CONCLUDING REM&KS

the
Trom the data
new horizontal

obtained it appears that the F2A airplane with
tail wj.11give satisfactory stability and control

9.
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characteristicswith i%ll-spti slottkd.flaps.
control might be.obtained”by a slight retiard
ce-nter-of-gravitylocation.

Some improvement
movement of the

If the trailing edge of the prototiJyeelevator is intended

in

to
be rdlatifely thick, as was that of the model elevator? it apyears
that the stick forces may be reduced considerablyby beveling the
trailing edge. If, however; tho trailing edge “isto be of normal
thickness, it may be expected that.the stick forces will be somewhat
lower than those indicated from the tests of horizontal-tail No. 2.

Langley Memorial Aeronautical Laboi”atory,
....

National’.AdvisoryConxnitteefcm Aez-onquticsj
LangleyField, Vs., March 14, 19)+2.
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CONSTANTS OF F2A AIRPLANE .

GROSSWEIGHT 6600LL15.
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AREASYWING5,1NCLUDING

AILERON. 208.9 SQEZ

STABILIZER.3040 SQ.Fl ,
ELEVATOR19.90 SQ.FW07.. X130gFl

ELEVATORRLWTMEANSQCHORD L376FL

cG LOCATION (MODEL)
MWWAL F16N7EI?, LANDING GEARRETRACTED

ARM FROMSTA.““O”’~ ARM FR7M d THRUST

2.700 IN. +. 0375 IN.
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———. —36.500 ————— y
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Figure 3.- Horizontal tail surfaces and torque rod attachment ofthe ~-scale model of the

.Brewster F2A airplane.
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----------------------.6k9 ,q. rt. .706 ,q. rt.
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